INTRODUCTION
The advent of drug-eluting stents (DES) radically changed the practice of percutaneous coronary intervention. Despite the remarkable efficacy of first-generation DES in reducing neointimal proliferation, and thereby lowering the need for repeat revascularisation as compared with bare-metal stents (BMS), [1] [2] [3] [4] concern about long-term safety curbed the initial enthusiasm for those devices. [5] [6] [7] Several histopathological and preclinical studies with early DES identified a potential link between the occurrences of late (30 days to 1 year after stent implantation) or very late (beyond 1 year after stent
Strengths and limitations of this study
▪ The major limitation of this registry is its retrospective, observational design. ▪ It is a non-randomised/single-arm investigation. ▪ At 1-year follow-up, the ultrathin (60 µm) biodegradable polymer-coated sirolimus-eluting stent (SES) demonstrated a low rate of clinical events for the treatment of coronary artery disease across a wide range of unselected patients. ▪ By optical coherence tomography a high percentage of struts was found to be covered (98.1%) with a mean neointimal thickness of 0.13 ±0.06 µm at the 6-month follow-up.
implantation) stent thrombosis (ST) and polymermediated inflammatory reaction together with delayed healing and incomplete re-endothelialisation. [8] [9] [10] [11] A perception of increased incidence of late ST (or very late ST) with the use of durable polymer has promoted the development of DES with biodegradable polymers. In theory, biodegradable polymers afford controlled release of anti-restenotic agents and gradual degradation of the coating, which would provide the safety of BMS together with the efficacy of DES.
Also, first-generation DES were built using thick strut platforms, which have been implicated in poorer vessel response to the mechanical trauma induced by the dilatation process. 12 Progressively, thinner strut stents have been developed to enhance the biocompatibility of the implant. The CE-approved Supraflex (Sahajanand Medical Technologies Pvt Ltd, Surat, India), a new biodegradable polymer-coated sirolimus-eluting stent (SES), is designed using an ultrathin (60 μm) cobaltchromium (Co-Cr) stent platform with a highly flexible 'S-link', which would enhance the deliverability of the stent, particularly in complex and challenging lesions.
In this multicentre registry, we sought to evaluate clinical outcomes of an ultrathin (60 µm) biodegradable polymer-coated Supraflex SES for the treatment of coronary artery disease across a wide range of 995 unselected patients treated in routine clinical practice, including those with high-risk characteristics and complex lesions. The vascular response to the Supraflex SES was also evaluated through optical coherence tomography (OCT) analysis.
MATERIALS AND METHODS Study design and patient population
We conducted a retrospective, multicentre, single-arm, all-comers, observational registry at nine different centres in India. The registry population comprised 995 patients, with one or more stenotic lesions treated exclusively with the Supraflex SES, between July 2013 and May 2014, with no specific inclusion or exclusion criteria. A follow-up OCT analysis at 6 months was performed in a subset of 47 of these patients, who were chosen because of their access to the OCT facilities and because they gave informed consent for the analysis. The registry, design and procedures complied with the principles of good clinical practice and the Declaration of Helsinki and were approved by a local ethics committee (ethics committee, Apollo Hospitals International Ltd (Reg. No. ECR/30/Inst/GJ/2013)). All patients provided informed consent for the procedure and subsequent data collection and analysis for the research purposes.
Description of the study stent The Supraflex SES has the Flexinnium L605 Co-Cr alloy coronary stent (Sahajanand Medical Technologies) as its stent platform. The characteristic features of the stent include its strut thickness of 60 µm and highly flexible 'S-link'. Figure 1A -C shows scanning electron microscopy images of a normal, crimped and expanded Supraflex SES. These images show that the surface of the stent is coated uniformly with a thin film that conforms closely to the stent surface, the contours of the stent struts and the balloon assembly. The coating layer comprises the drug sirolimus blended together with biodegradable polymeric matrix ( poly L-lactide, 50/50 poly DL-lactide-co-glycolide and polyvinyl pyrrolidone) to provide programmed release of the drug. The drug, at a concentration of 1.4 µg/mm 2 , together with the polymeric matrix is coated on the conformal surface of the stent. The average thickness of coating ranges from 4 to 5 µm. The drug release occurs in two phases-about 70% of drug is released within 7 days and the remainder is released over a period of 48 days. The polymers retain their properties for a limited period and then gradually degrade into biologically acceptable molecules that are metabolised and removed from the body via normal metabolic pathways. This process takes about 9-12 months.
Coronary intervention procedure and adjunctive drugs Coronary interventional procedures were carried out and adjunctive drugs used according to standard guidelines. 13 All patients received dual antiplatelet therapy, including a loading dose of aspirin (300 mg) and clopidogrel (600 mg) or prasugrel (60 mg) or ticagrelor (two tablets of 90 mg each). Procedural anticoagulation was achieved either with heparin or bivalirudin. Intraprocedural administration of glycoprotein IIb/IIIa inhibitor was at the investigator's discretion. All patients were advised to maintain dual antiplatelet therapy (aspirin 75-300 mg daily indefinitely and clopidogrel 75 mg daily or prasugrel 10 mg daily or ticagrelor 90 mg twice daily for at least 12 months) after the procedure.
Data collection and follow-up
All data on demographic information, cardiovascular history, comorbidities, lesion and procedure characteristics and antithrombotic regimens were collected from each centre with the hospital recording network. Follow-up was obtained at 30 days, 6 and 12 months after the procedure by clinical/telephone contact with the patient and/or primary care physician and review of the electronic medical record (figure 2). During the follow-up contacts, information about patients' clinical condition, adverse events, hospitalisations and changes to concomitant (cardiac and antiplatelet) drugs were collected. All events related to endpoints were reported to an independent clinical endpoints committee, which consisted of cardiologists not taking part in the registry.
Endpoints of the study and definitions
The primary endpoint of the registry was to analyse the rate of major adverse cardiac events (MACE), defined as cardiac death, myocardial infarction (MI), target lesion revascularisation (TLR) and non-target lesion target vessel revascularisation (non-TL TVR), during 12 months' follow-up period after the index procedure. For this registry, all deaths were considered cardiac unless an unequivocal non-cardiac cause was established. MI was defined as either development of new pathological Q waves in at least two contiguous leads of the electrocardiogram with or without elevated cardiac enzymes or elevation of creatine kinase greater than three times the upper limit of normal and without pathological Q waves in the electrocardiogram. Re-interventions inside the implanted stent or within 5 mm proximally or distally to the stent were defined as TLR. Repeated percutaneous coronary intervention to the same vessel, with the exception of TLR, was counted as non-TL TVR. Repeated revascularisation in the same vessel was recorded as TVR. We also analysed the incidence of ST as a safety end point during the follow-up period. ST was defined according to the criteria of the Academic Research Consortium (ARC).
14 Its timing was classified as early (within 24 h of the index procedure), late (occurring between 30 days to 1 year of the index procedure) or very late ST (occurring beyond 1 year of the index procedure), while its degree of certainty was classified as definite (if confirmed angiographically), probable (the patient had a target vessel-related MI or died of a coronary event) or possible (any unexplained death from 30 days after intracoronary stenting).
OCT acquisition and analysis OCT images were obtained at the 6-month follow-up using a C7-XR Fourier-Domain system (St Jude Medical, St Paul, Minnesota, USA) at four centres where an OCT facility was available. All consecutive patients who gave consent to undergo OCT were enrolled from four centres in India. There was no preselected selection criterion. After infusion of intracoronary glyceryl trinitrate, the optical catheter was withdrawn by a motorised pullback at a constant speed of 20 mm/s, while iodixanol 320 contrast (VisipaqueTM, GE Health Care, Cork, Ireland) was infused through the guiding catheter at a continuous rate of 2-6 mL/s. All OCT images were analysed at an independent core laboratory (Heart Institute (InCor), São Paulo, Brazil) by analysts who were blinded to patient and procedural information, using validated software (QIvus V.3.0; Medis, Leiden, the Netherlands). Cross-sectional OCT images were analysed at 1 mm intervals. Stent and luminal cross-sectional areas (CSAs) were measured, and the neointimal cross-sectional area was calculated as the stent CSA minus the luminal CSA. The stent volume (SV), lumen volume (LV) and neointimal volume (NV=SV−LV) were also computed. The percentage of in-stent neointimal volume obstruction (%NVO) was calculated as NV/SV×100%. Neointimal thickness was defined as the distance between the endoluminal surface of the neointima and the luminal surface of the strut reflection at the mid-point of the strut and on a line perpendicular to the neointima and strut. A covered strut was defined as having neointimal thickness more than 0 μm. The percentage of covered struts was calculated as the number of covered struts×100 divided by the number of total struts which were analysable. Incomplete strut apposition was defined as a clear separation between strut and vessel wall with a distance greater than the thickness of the strut. 15 In addition, the healing index to quantify the degree of vessel healing was calculated. This score combines the following parameters: (a) presence of intraluminal defect (intraluminal defect area both free from the wall and attached to the lumen/stent area) is assigned a weighting factor of 4; (b) presence of both malapposed and uncovered struts is assigned a weighting factor of 3; (c) presence of uncovered struts alone is assigned a weighting factor of 2; (d) presence of malapposition alone is assigned a weighting factor of 1 and (e) presence of neointimal volume obstruction of >30% will be calculated by %NVO minus 30 then assigned a weighting factor of 1 (if the neointimal volume was <30%, this factor was omitted). 16 
Statistical analysis
Data are presented using descriptive statistical methods. Continuous variables are presented as mean±SD, whereas categorical variables are expressed as percentages. All data were processed using the Statistical Package for Social Sciences, V.15 (SPSS, Chicago, Illinois, USA).
RESULTS
Baseline, lesion and procedural characteristics A total of 995 patients, with mean±SD age 61.6±10.8 years, were evaluated in this registry. Among the included patients, 441(44.3%) were hypertensive and 231 (23.2%) were diabetic. Other important baseline clinical characteristics of the registry population are outlined in table 1. Details of lesion and procedural characteristics are listed in table 2. In brief, approximately half of all lesions (n=580; 46.7%) were located in the left anterior descending artery, while most lesions were of type B2/C (n=969; 78.0%). A total of 1398 stents were implanted (1.4±0.7 stents per patient) to treat 1242 lesions.
Clinical outcomes
Follow-up was available in 98.5% (980/995) of patients at the end of 12 months and cumulative rates of MACE are depicted in table 3. MACE rates while in hospital, at 30 days and at 6 months were 0.4% (4/995), 1.1% (11/ 995) and 2.2% (22/986), respectively. At 12 months, the primary endpoint occurred in 36 (3.7%) of 980 patients, consisting of 18 (1.8%) cardiac deaths, 16 (1.6%) MI, 7 (0.7%) TLR and 2 (0.2%) non-TL TVR. Of these 18 cardiac deaths, four deaths were reported in hospital in patients undergoing primary angioplasty for acute MI, three deaths occurred after discharge owing to severe left ventricular dysfunction, while other patients died at home after a period of 30 days (table 3) . According to the ARC definition, definite and probable ST occurred in 1.1% (11/980) of patients through 12 months. Cumulative MACE-free survival, at 12 months' follow-up, determined by the Kaplan-Meier method, was 96.3% as shown in figure 3 .
OCT outcomes
OCT analyses were performed on three levels: the lesion level, the cross-sectional level, and the struts level. By OCT, in a subset of 47 patients, 1227 cross-sections (9309 struts) were analysed at 6 months and the data are shown in table 4. In brief, a high percentage of struts was covered (98.1%), with a mean neointimal thickness of 0.13±0.06 µm. Figure 4A shows the cumulative frequency of the percentage of covered struts and figure  4B presents the distribution of neointimal thickness in all lesions.
DISCUSSION
For many years, stents used 316 L stainless steel, owing to its excellent combination of mechanical properties, corrosion resistance and biocompatibility. Reduction of strut thickness from (130-140 µm) further improved flexibility and trackability, while maintaining radial strength and minimal recoil, leading to improved stent deliverability and reduced restenosis rates. 17 It has also been proved that thick strut stents are more thrombogenic than identical thin-strut stents in ex vivo and in vivo models. 18 Hence, newer DES were developed with biodegradable polymers and thinner struts to improve the clinical outcomes, even in complex lesions.
19-21
The clinical outcomes of the ISAR-3 trial also favour biodegradable polymer-coated DES rather than permanent polymer-coated DES. 22 Recently, pooled analysis of large multicentre randomised trials also showed a lower risk of TVR and very late ST associated with biodegradable polymers compared with durable polymer-coated DES. 23 The Supraflex, a new sirolimus-eluting coronary stent, incorporates biodegradable polymeric matrix for the sustained release of active pharmaceutical ingredients.
Once its useful function is served, the polymers gradually degrade into biologically acceptable molecules that are metabolised and removed from the body via normal metabolic pathways, avoiding inflammatory reactions. So, the biodegradable polymer-coated DES offer antirestenotic benefits and once the polymers have biodegraded, it offers the safety benefits of BMS. In addition to biodegradable polymers, the Supraflex SES has a thinner Co-Cr-based strut (60 μm) than other available biodegradable SES. The Supralimus-Core (Sahajanand Medical Technologies) is a clinically proven sirolimus-eluting coronary stent and its safety and efficacy has demonstrated in real-life patients. 24 25 The Supraflex SES is a further improved version of the Supralimus-Core SES with replacement of the rigid interlink/joint of the Supralimus-Core SES with a highly flexible 'S-link', which increases flexibility and deliverability of the Supraflex SES. Additionally, in the S-CORE Registry (multicentre registry of Supralimus-Core biodegradable polymer SES), which enrolled 562 'realworld' patients, the incidence of MACE at 30 days and 6 months was 7 (1.2%) and 12 (2.1%), respectively. Furthermore, the composite rate of MACE at a 12-month clinical follow-up was 19 (3.4%), consisting of 12 (2.1%) cardiac deaths, 0 (0%) MI, 6 (1.1%) TLR and 1 (0.2%) TVR. Findings of this S-CORE Registry showed satisfactory safety and efficacy for the Co-Cr biodegradable polymer-based sirolimus-eluting Supralimus-Core stent in a 'real-world' setting as seen from low rates of MACE up to 12 months. 25 Usually, randomised controlled trials or first-in-man studies enrol a low-risk population (clinically stable or straightforward lesions), and thus results of such studies cannot be extrapolated to 'real-world' patients with higher risk or with complex coronary anatomy. Accurate post-market surveillance may provide valuable data of a more real population treated in a true clinical setting. Therefore, we designed this retrospective multicentre registry to evaluate clinical outcomes of the Supraflex SES in 'all-comer' unselected Indian patients treated in routine clinical practice. The most salient feature of this registry was that all consecutive patients from each centre during the specified period were included and follow-up was available for 980 (98.5%) patients at 12 months. Although randomised trials are considered as the highest level of evidence, they have many problems. Apart from the higher costs, it is difficult to conduct a randomised trial against a single particular stent which can be considered as the only benchmark. DES are in a constant state of evolution and the benchmark keeps changing, so a well-conducted registry with excellent follow-up may help to compare the study stent with multiple benchmarks.
In our registry, characteristic of current practice, 44.3% of the patients had hypertension, 23.2% had diabetes and a significant percentage of patients had type B2/C lesions (78.0%) and total occlusion (14.9%), of which chronic total occlusion was present in 9.1% patients and the remaining 5.8% patients had acute coronary syndrome with total occlusion. Despite the complexity of the present patient population, a lower MACE rate (3.7%) and TLR incidence (0.7%) at 12 months' follow-up showed favourable clinical outcomes of the Supraflex SES. The lower incidence of TLR is comparable with that reported for other biodegradable polymer-coated, newer-generation, thin-strut DES. The CENTURY study, a first-in-man experience of the Ultimaster coronary stent (Terumo Corp, Tokyo, Japan), is a thin-strut, Co-Cr, bioresorbable polymer-coated SES, which reported 1.0% (1 incidence in 105 patients) clinically driven TLR in patients with de novo lesions (in up to two native coronary arteries). 20 In the EVOLVE trial, the incidence of TLR was found to be 1.1% in 94 patients treated with the Synergy stent for de novo artherosclerotic lesions. 26 However, longer follow-up of patients receiving the Supraflex SES will be necessary to confirm long-term safety of this DES and this is being undertaken.
Furthermore, the risk of late ST remains a major concern where its incidence is dependent on a lack of strut coverage. 27 Therefore, assessment of covered struts by imaging modalities at follow-up is considered to be an important surrogate to help stratify the patient's future risk for thrombotic events. In our registry, OCT analysis of the Supraflex SES showed 98.1% strut ISA, incomplete stent apposition.
coverage at 6 months, while it was 91.5% and 94.1% in the PROMUS Element and XIENCE DES, respectively.
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The Supraflex SES had a favourable healing index of 4.8 (1.0-22.9). Lack of healing and absence of endothelial cell coverage of the stent struts have been strongly associated with DES late thrombosis in human autopsy studies. 29 The healing index combines multiple factors (coverage, malapposition, exuberant neointimal proliferation and intraluminal defect). By OCT, patients with late thrombosis-compared with control subjects-had a higher percentage of uncovered (median (IQR)) (12.27 (5.50-23.33) vs 4.14 (3.00-6.22), p<0.001) and malapposed (4.60 (1.85-7.19) vs 1.81 (0.00-2.99), p<0.001) struts. Consequently, the most influential factors of the healing index are the percentage of uncovered struts and number of cases of incomplete stent apposition: both are low in our study. In comparison, the healing index of the biolimus A9-eluting BioMatrix stent was found to be 35.2±25.0, of the sirolimus-eluting Cypher stent with durable polymer 43.3±36.2, of the zotarolimus-eluting Resolute stent 18.7±20.4 and of the everolimus-eluting Xience stents 10.8±15.3. 30 
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Study limitations
The major limitation of this registry is its retrospective, observational design. It also has the disadvantage of being a non-randomised/single-arm investigation. In addition, the follow-up time of 12 months was relatively short and might have led to underestimation of the benefits of the study stent. Long-term follow up is necessary to assess the true event rates.
CONCLUSIONS
The results of the FLEX Registry provide evidence for the safe and effective use of the Supraflex SES in realworld, all-comers patients, including those with high clinical and anatomical complexity, with low event rates at 12 months' follow-up during unrestricted daily practice. Also, the Supraflex SES showed a high percentage of stent strut coverage and good stent apposition during OCT follow-up.
